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Abstract — A comprehensive key, based on asexual stages, contact mycoparasitic 
structures, parasite/host relations, and host ranges, is proposed to distinguish those 
species of Sphaerodes that are biotrophic mycoparasites of Fusarium: S. mycoparasitica, 
S. quadrangularis, and S. retispora. This is also the first report of S. mycoparasitica as a 
biotrophic mycoparasite on Fusarium culmorum and F. equiseti in addition to its other 
reported hosts (F. avenaceum, F. graminearum, and F. oxysporum). In slide culture 
assays, S. mycoparasitica acted as a contact mycoparasite of F. culmorum, and F. equiseti 
producing hook-like attachment structures. Fluorescent and confocal laser scanning 
microscopy showed that S. mycoparasitica is an intracellular mycoparasite of F. equiseti 
but not of F. culmorum. All three mycoparasitic Sphaerodes species were observed to 
produce asexual (anamorphic) stages when challenged with Fusarium. Furthermore, 
a phylogenetic tree, based on (large subunit) LSU rDNA sequences, depicted closer 
relatedness to one another of these Fusarium-specific Sphaerodes taxa than to the non-
mycoparasitic S. compressa, S. fimicola, and S. singaporensis. 
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Introduction 

Mycoparasitism refers to the parasitic interactions between one fungus 
(parasite) and another fungus (host). These relationships can be categorized 
as either necrotrophic or biotrophic (Boosalis 1964; Butler 1957). Differences 
between necrotrophic and biotrophic mycoparasites were reviewed and outlined 
by Jeffries & Young (1994). This paper emphasizes biotrophic Sphaerodes Clem. 
(Ascomycota) mycoparasites and their association with fungi, in particular 
Fusarium Link. Biotrophic mycoparasitic ascomycete and basidiomycete fungi 
are characterized by intimate contact with host cells (Bauer & Oberwinkler 2004; 
Gams et al. 2004), with or without penetration. This intimate contact involves 
generation of short haustoria and appressoria or absorptive mycoparasitic cells. 
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The cytoplasm of the host hyphae remains healthy in at least some phase(s) of 
mycoparasitic interactions (Jeffries 1995).

Among pyrenomycetous orders, Melanosporales contains the largest number 
of biotrophic mycoparasites (Davey et al. 2008; Zhang et al. 2002), mainly within 
Melanospora Corda, Persiciospora P.F. Cannon & D. Hawksw., Sphaerodes, 
and Syspastospora P.F. Cannon & D. Hawksw. (Cannon & Hawksworth 1982; 
Harveson & Kimbrough 2001; Posada et al. 2004). Sphaerodes is a relatively 
small genus with unique morphological features to some extent similar to 
Melanospora and Microthecium Corda (García et al. 2004). Interestingly, most 
of the known Sphaerodes mycoparasitic taxa associate with Fusarium species 
— causal agents of diseases in plants and toxicosis in humans and animals (Goh 
& Vujanovic 2010; Harveson & Kimbrough 2001; Vujanovic & Goh 2009). 
To distinguish Sphaerodes from other genera in Melanosporales, ascospore 
characters such as wall ornamentation and shape are utilized (Zhang et al. 
2002).

Identification of Sphaerodes species is mostly based on morphological 
attributes of their ascomata, structural details of ascomatal wall and neck 
tissues, as well as distinctive ascospore shape and ornamentation. To date, their 
anamorphs and their mode of mycoparasitism of Fusarium are poorly known.

Among all the described Sphaerodes species, five have been reported 
associated with fungal hosts (Farr & Rossman 2009). Sphaerodes mycoparasitica 
Vujan., S. quadrangularis Dania García, Stchigel & Guarro and S. retispora 
(Udagawa & Cain) P.F. Cannon & D. Hawksw. var. retispora were reported 
to be biotrophic mycoparasites of Fusarium species (Vujanovic & Goh 2009; 
Goh & Vujanovic 2010; Harveson & Kimbrough 2001), whereas S. episphaeria 
(W. Phillips & Plowr.) Clem. was associated with Hypomyces sp. (Cannon et 
al. 1985). Sphaerodes retispora var. retispora was the first Sphaerodes species 
reported to be a biotrophic mycoparasite of Fusarium oxysporum (Harveson 
& Kimbrough 2001). Recently, S. mycoparasitica and S. quadrangularis were 
also observed to establish biotrophic mycoparasitic relationships with a few 
Fusarium taxa, including red-pigmented species such as F. avenaceum and  
F. graminearum (Goh & Vujanovic 2010; Vujanovic & Goh 2009). However, 
there is no single report comparing these three Sphaerodes biotrophic 
mycoparasites, specific to Fusarium, in terms of differences in mycoparasitic 
contact structures, host ranges, and anamorphic reproductive structures.

Therefore, the purpose of this paper is to document two new Fusarium hosts 
for S. mycoparasitica, as well as to discuss and describe differences in these 
three biotrophic mycoparasites based on parasitic contact structures, phialidic 
stages and host ranges. Furthermore, a phylogenetic analysis based on LSU 
(large subunit) rDNA is incorporated into this study to determine the role of 
host specialization in the evolution of mycoparasitic Sphaerodes.
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Materials and methods 

Fungal isolates and growth
Sphaerodes mycoparasitica was first isolated and described by Vujanovic & Goh 

(2009) as an obligate biotrophic mycoparasite of various Fusarium taxa from Canadian 
agricultural fields. Sphaerodes quadrangularis (CBS112764 strain) was first reported 
as a facultative biotrophic mycoparasite of Fusarium avenaceum. Sphaerodes retispora 
var. retispora (CBS 994.72), isolated from Japanese soil, was also obtained from 
Centraalbureau voor Schimmelcultures (CBS, Fungal Biodiversity Centre) Baarn, 
The Netherlands. Biotrophic mycoparasite Sphaerodes mycoparasitica SMCD2220 and 
pathogenic Fusarium strains (F. arthrosporioides SMCD2247, F. culmorum SMCD2248, 
F. equiseti SMCD2134, F. flocciferum SMCD2135, F. poae SMCD2136, and F. torulosum 
SMCD2139) were obtained from the Saskatchewan Microbial Collection and Database 
(SMCD), Saskatchewan, Canada. All fungal isolates were grown and maintained on 
potato dextrose agar (PDA) (Difco, BD, Sparks, Maryland) prior to the study.

Fungal-fungal interactions
For examination of the interaction between isolates of Sphaerodes and Fusarium 

species, both biotrophic mycoparasite and Fusarium isolates were inoculated and assessed 
using slide culture assays proposed in Cole & Kendrick (1968) and Jacobs et al. (2005), 
with slight modifications as in Goh & Vujanovic (2010). Slides were maintained in a 
sterile humidity chamber as outlined in Kavková & Čurn (2005) and daily observations 
on the hyphal interactions at the meeting place (contact zone) were performed under 
a Carl Zeiss Axioskop2 equipped with Carl Zeiss AxioCam ICc1 camera with 20×, 40× 
and 100× objectives. Formation of biotrophic mycoparasitic contact structures attaching 
Sphaerodes species to Fusarium hyphae were examined, recorded, and compared to 
drawings from the literature (Jordan & Barnett 1978; Rakvidhyasastra & Butler 1973; 
Whaley & Barnett 1963). Diameters of both parasitized and non-parasitized Fusarium 
hyphal cells were measured under light microscopy with a 100× objective lens. Each 
treatment used six replications consisted of Sphaerodes or Fusarium alone, and 
Sphaerodes–Fusarium co-inoculated. The experiment was repeated twice. In the slide-
culture assay, Fusarium mycelia infected with Sphaerodes haustoria were stained with 
lactofuchsin (Carmichael 1955). Stained hyphae of both Fusarium and Sphaerodes in 
slide-culture were then examined with a Carl Zeiss Axioskop2 fluorescent microscope 
attached to Carl Zeiss AxioCam ICc1 with 40× and 100× objectives. Slide-culture assays 
were also subjected to Zeiss META 510 confocal laser scanning microscopy (CLSM) 
analysis to observe intracellular mycoparasitism under a C-Apochromat 63× N.A.1.2 
phase-contrast water immersion objective through Z-stacking mode to scan through 
the Fusarium hyphae with intracellular infection (CLSM with 514nm excitation – argon 
and LP585 emission filters) (Abdellatif et al. 2009).

Fungal morphology and taxonomy
The anamorphic stages of three mycoparasitic Sphaerodes species (S. mycoparasitica, 

S. quadrangularis, and S. retispora var. retispora) were compared in the presence of 
Fusarium hosts. Diameters of base and neck of monophialides were measured and base-
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neck ratios were calculated. Genomic DNA of S. retispora var. retispora CBS 994.72 
was extracted, amplified, and sequenced as outlined in Vujanovic & Goh (2009) by 
targeting LSU rDNA fragments with LS1/LR5 primers (Hausner et al. 1993; Rehner 
& Samuels 1995; Zhang & Blackwell 2002). The LSU sequence from this study and 
sequences retrieved from GenBank were aligned using Clustal X software (version 1.82) 
(Thompson et al. 1997), and edited in BioEdit (Hall 1999). Distance trees were generated 
with Phylogenetic Analysis Using Parsimony (PAUP) 4.0b10 software (Swofford 2000) 
using neighbor-joining approach, and validated using bootstrap analyses with 1000 
repetitions. A fungal distance tree was prepared with sequences showing bootstrap 
values higher than 50%. The LSU sequence from Sphaerodes retispora var. retispora was 
submitted to GenBank as GU205261.

Statistical analysis
The difference in diameters of parasitized and non-parasitized hyphal cells was 

analyzed with a T-test (SPSS 1990).

Results

Fungal-fungal interaction

Hyphae-hyphae interactions and contact structures in the contact zone were 
examined for seven days. On day three, Sphaerodes mycoparasitica was found to 
produce hook-shaped contact structures on Fusarium equiseti and F. culmorum 
(Fig. 1). On day five, more hook-shaped contact structures and intracellular 
penetration of F. equiseti were observed (Fig. 2A, 3A–D). The combination 
of lactofuchsin dye and fluorescent or confocal laser scanning microscopy 
revealed that the parasitized or penetrated Fusarium cells became empty (loss 
of cytoplasm = no fluorescence) or fluoresced with low intensity (very pale) 
(Fig. 3A–D) as compared to healthy Fusarium cells. During the seven days of 
observation, no S. mycoparasitica hyphae were observed within F. culmorum 
cells. Sphaerodes mycoparasitica produced hook-shaped contact structures 
(Fig. 1A, a) more frequently than clamp-like contact structures (Fig. 1B, b) on 
both F. equiseti and F. culmorum. Diameters of F. equiseti, but not F. culmorum, 
hyphae parasitized by S. mycoparasitica were observed to be significantly 
reduced compared to non-parasitized Fusarium hyphae (with T-test, P = 0.001 
and P > 0.05, respectively) (FIG. 4).

None of the Fusarium taxa tested appeared to be suitable hosts for 
mycoparasitic S. quadrangularis and S. retispora, even after 10 days of co-
inoculation on slide cultures. No contact biotrophic parasitic structures or 
intracellular parasitism by S. quadrangularis and S. retispora on the tested 
Fusarium strains were observed at the interaction or contact zone. Also,  
F. arthrosporioides, F. flocciferum, F. poae, and F. torulosum did not appear 
to be suitable hosts for S. mycoparasitica. Around five days after inoculation 
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Fig. 1. Sphaerodes mycoparasitica–Fusarium spp. mycoparasitism assays. (A–a). Hook-
shaped contact structures (arrows). (B–b). Clamp-like clasping cells (arrows). Figures a and 
b are diagrammatic drawings for both A and B. Scale bars = 5μm.

on slide culture assays, mycelia of F. arthrosporioides were inhibited by  
S. mycoparasitica. Fusarium arthrosporioides started to form rosette-like 
mycelia at the contact zone with S. mycoparasitica (Fig. 2B).

On the fifth and seventh days after inoculation, anamorphic structures were 
produced by S. mycoparasitica more abundantly in the zone of contact with 
F. culmorum (Fig. 2C, D). Anamorphic structures or asexual organs in close 
proximity to F. culmorum mycelia were red-colored (Fig. 2D), whereas the 
organs at a distance were not (Fig. 2C).

Fungus-fungus coevolution
Six Sphaerodes and one Melanospora species — S. compressa (Udagawa & 

Cain) P.F. Cannon & D. Hawksw., S. fimicola (E.C. Hansen) P.F. Cannon & 
D. Hawksw., S. mycoparasitica, S. quadrangularis, S. retispora var. retispora,  
S. singaporensis (Morinaga, Minoura & Udagawa) Dania García, Stchigel 
& Guarro, Melanospora brevirostris — were phylogenetically analysed. 
Information related to these strains is summarized in Table 1. Node M1 is the 
point of divergence between the three Fusarium-specific Sphaerodes spp. and 
the other four taxa (Fig. 5; Table 1).

The phylogenetic tree further shows that the three Sphaerodes mycoparasites 
of Fusarium species — S. mycoparasitica, S. quadrangularis and S. retispora — 
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Fig. 2. Intracellular parasitism, hyphal inhibition response, and anamorphic stages during 
the Sphaerodes mycoparasitica–Fusarium spp. interactions. (A). Intracellular parasitism by  
S. mycoparasitica in F. equiseti (arrow). (B). Fusarium hyphal inhibition response when challenged 
with S. mycoparasitica; deformation of hyphae into rosette-like shapes (arrow). (C). Hyaline 
S. mycoparasitica anamorphic stages. (D). Sphaerodes mycoparasitica anamorphic stages with 
adsorption of red pigments from F. culmorum.  Scale bars A, C, D = 5μm; B = 20μm.

diverge at M2 to distinguish hyperparasites on white-pigmented F. oxysporum 
(such as S. retispora) from those on a red-pigmented F. avenaceum host (such 
as S. quadrangularis). Moreover, evolution from M2 occurs at M3 giving rise 
to mycoparasites of white- and red-pigmented Fusarium. This is the case 
of S. mycoparasitica, which attacks F. avenaceum, F. culmorum, F. equiseti,  
F. graminearum, and F. oxysporum, (Fig. 5; Table 1). Thus, M3 is the point 
where polyspecificity as opposed to monospecificity on Fusarium appears.

Discussion

The small knobs or hook-shaped contact structures formed by Sphaerodes 
mycoparasitica on Fusarium culmorum and F. equiseti were similar to those 
described by Whaley & Barnett (1963) for Gonatobotrys simplex Corda [= 
Melanospora damnosa (Sacc.) Lindau] on Alternaria tenuis Nees [A. alternata], 
and by Jordan & Barnett (1978) for Melanospora zamiae Corda on Tritirachium 
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Fig. 3. (A–B) Intracellular parasitism by Sphaerodes inside Fusarium equiseti (arrows).  
(B–D) Intracellular hyphae produced by Sphaerodes inside F. equiseti with hook-shaped contact 
structure (arrows). A and C were captured under light microscopy; whereas in B and D hyphae 
were stained with lactofuchsin and images were captured under fluorescent and confocal laser 
microscopy, respectively.  Scale bars = 5μm.

sp. Hook-shaped contact structures are well-known among biotrophic 
mycoparasites in the Melanosporales. Harveson & Kimbrough (2001) were the 
first to report S. retispora var. retispora as a contact biotrophic mycoparasite on 
F. oxysporum with hook-like contact structures. Harveson & Kimbrough (2001) 
also reported another melanosporaceous fungus, Persiciospora moreaui P.F. 
Cannon & D. Hawksw., as a contact biotrophic mycoparasite of F. oxysporum 
with similar contact branches as in M. zamiae and S. retispora (Harveson & 
Kimbrough 2000). Recently, S. mycoparasitica was found to produce similar 
hook-shaped contact structures on Fusarium avenaceum, F. graminearum, and 
F. oxysporum (Vujanovic & Goh 2009) and S. quadrangularis on F. avenaceum 
species (Goh & Vujanovic 2010). In this study, S. mycoparasitica was observed 
to form clamp- or clasp-like contact branches to attach to F. equiseti and F. 
culmorum (Fig. 1B, b). These structures were also reported for Stephanoma 
phaeosporum E.E. Butler & McCain, another biotrophic mycoparasite 
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Fig. 4. Mean hyphal diameters of parasitized and non-parasitized Fusarium equiseti cells (¢) and  
F. culmorum (£) on 1-week slide-cultures with Sphaerodes mycoparasitica biotrophic mycoparasite. 
Data are means and standard deviations. Same lowercase letters indicate no significant difference 
between parasitized and non-parasitized hyphae at P = 0.05, with T-test.

(Rakvidhyasastra & Butler 1973). These contact structures may also be 
employed by contact or fusion biotrophic mycoparasites as tools to acquire 
nutrients from the hosts (Carmichael 1955; Gams et al. 2004; Whaley & Barnett 
1963). Nutrients, growth factors, biotins, mycotrophein, and thiamine have 
been found to be important for nourishment and proliferation of biotrophic 
mycoparasites (Hwang et al. 1985; Jordan & Barnett 1978).

In this study, loss of cytoplasm (Fig. 3A, C) and a reduction of the diameter 
of F. equiseti hyphae resulted from mycoparasitism (Fig. 4). Similarly, Harveson 
& Kimbrough (2001) noticed that Sphaerodes retispora and M. zamiae isolates 
reduced the total hyphal weight and aerial hyphae of F. oxysporum, in addition to 
inhibiting the growth of this Fusarium species. Furthermore, loss or decreased 
intensity of staining or colour of dye in host cells (compared to healthy) were 
further reported by White & Traquair (2006) as an indication of loss of cytoplasm 
and intracellular infection. Intracellular parasitic activity was also described in 
Fusarium–Rhizoctonia and Mucor–Rhizopus mycoparasitic interactions (Arora 
& Dwivedi 1980; Gupta & Tandon 1978; Gupta et al. 1979). Although hyphal 
diameter of F. culmorum was not reduced by S. mycoparasitica (Fig. 4), this 
could be due to the lack of intracellular penetration in F. culmorum during the 
tested period. Barnett (1963), Jordan & Barnett (1978), Jeffries & Young (1994) 
and Jeffries (1995), have all pointed out that biotrophic mycoparasites, in 
general, have narrow host ranges. Therefore, it is not surprising that not all the 
Fusarium taxa tested could act as hosts for S. mycoparasitica, S. quadrangularis 
and S. retispora.
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Fig. 5. Phylogenetic tree based on LSU rDNA sequences for six Sphaerodes species showing 
position of mycoparasitic taxa associated with Fusarium hosts. M1 – the point of evolutionary 
divergence between Sphaerodes mycoparasites associated with Fusarium and Sphaerodes taxa 
including closely related Melanospora brevirostris associated with other fungal and plant hosts;  
M2 – point of branching towards specialization or monospecificity of S. retispora on F. oxysporum 
(white mycelium) and monospecificity of S. quadrangularis on F. avenaceum (red mycelium);  
M3 – the point of evolutionary direction towards polyspecificity of S. mycoparasitica on various 
white and red Fusarium hosts. Bootstrap values of 50% or greater from 1000 bootstrap replications 
are indicated for the corresponding branches.
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Sphaerodes quadrangularis was first described by García et al. (2004). At 
the time its anamorph was unknown. Here, S. quadrangularis was observed 
to produce mono- and polyphialides or asexual organs like those of S. 
mycoparasitica (Fig. 2C) and S. retispora (Harveson & Kimbrough 2001) when 
inoculated together with Fusarium avenaceum. Based on S. mycoparasitica 
analyses, Vujanovic & Goh (2009) proposed that most anamorphic traits in 
Sphaerodes (e.g., hyaline and ampulliform phialides as well as irregularly 
branched conidiophores) resemble those of Trichoderma species (sect. 
Pachybasium) in Hypocreales. In contrast, the base-to-neck ratios of phialides 
in S. mycoparasitica, S. quadrangularis, and S. retispora show interspecies 
differences summarized in the key to taxa of Sphaerodes. 

Key to the mycoparasitic taxa of Sphaerodes

1 Clamp-like contact structures present  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
1* Clamp-like contact structures lacking. Phialides with base-neck width ratio < 2; 

mono- and polyphialidic anamorphic stages; monospecific on F. oxysporum  
  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. retispora var. retispora

2 Intracellular penetration and haustoria present. Phialides with base-neck width  
ratio between 2–2.5; mono- and polyphialidic anamorphic stages;  
polyspecific on F. avenaceum, F. culmorum, F. equiseti, F. graminearum,  
and F. oxysporum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. mycoparasitica

2* Intracellular penetration and haustoria absent. Phialides with base-neck width  
ratio > 2.5; mono- and polyphialidic anamorphic stages; monospecific on  
F. avenaceum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. quadrangularis

In addition, this study showed that when S. mycoparasitica and F. culmorum were 
co-inoculated in slide culture, anamorphic structures and hyphae of the former 
were red-colored (Fig. 2D). Similarly, S. quadrangularis hyaline hyphae became 
red-colored after contacting F. avenaceum hyphae (Goh & Vujanovic 2010). 
This could be due to the absorption of Fusarium red pigments by Sphaerodes 
through biotrophic mycoparasitism (Goh & Vujanovic 2010). However, 
the mechanism of this phenomenon remains unclear. The red pigments of  
F. avenaceum, F. culmorum, and F. graminearum are aurofusarin toxins (Malz 
et al. 2005). Perhaps host toxins drive the evolution of mycoparasites. Thus, it 
would be interesting for further studies, as indicated by relatedness of these 
Fusarium-specific Sphaerodes taxa (FIG 5.), to explore whether it is actually 
the nature of fusaria toxins that create an evolutionary pressure inducing 
specialization within Sphaerodes.

Acknowledgments 

This research was financially supported by Natural Sciences and Engineering 
Research Council of Canada (NSERC) discovery grant and Saskatchewan Agriculture 



190 ... Vujanovic & Goh

Development Fund (ADF) to V.V. We would like to thank Drs. Virginia Bianchinotti and 
George Newcombe for helpful comments, summer student Samuel Bourassa-Blanchette 
for technical assistance, and PhD student Michelle Hubbard for assistance in Confocal 
laser scanning microscopy (CLSM).

Literature cited

Abdellatif L, Bouzid S, Kaminskyj S, Vujanovic V. 2009. Endophytic hyphal compartmentalization 
is required for successful symbiotic Ascomycota association with root cells. Mycol Res 113: 782–
791. doi:10.1016/j.mycres.2009.02.013.
Arora DK, Dwivedi RS. 1988. Mycoparasitism of Fusarium spp. on Rhizoctonia solani Kühn. Pl 

Soil 55: 43–53.
Barnett HL. 1963. The nature of mycoparasitism by fungi. Ann Rev Microbiol 17: 1–14.
Bauer R, Oberwinkler F. 2004. Cellular basidiomycete–fungus interactions. 267–279 in: Varma 

A, Abbott L, Werner D, Hampp R (eds). Plant Surface Microbiology. Springer-Verlag Berlin 
Heidelberg, Germany.

Boosalis MG. 1964. Hyperparasitism. Ann Rev Phytopathol 2: 363–376. 
Butler EE. 1957. Rhizoctonia solani as a parasite of fungi. Mycologia 49: 354–373.
Cannon PF, Hawksworth DL. 1982. A re-evaluation of Melanospora Corda and similar 

Pyrenomycetes, with a revision of the British species. Bot J Linn Soc 84: 115–160. 
Cannon PF, Hawksworth DL, Sherwood-Pike MA. 1985. The British Ascomycotina. An annotated 

checklist. Commonwealth Mycological Institute, Kew, Surrey, England, 302 pages.
Carmichael JW. 1955. Lactofuchsin: a new medium for mounting fungi. Mycologia 47: 611.
Cole GT, Kendrick WB. 1968. A thin culture chamber for time-lapse photomicrography of fungi at 

high magnifications. Mycologia 60: 340–344.
Davey ML, Tsuneda A, Currah RS. 2008. Evidence that the gemmae of Papulaspora sepedonioides 

are neotenous perithecia in the Melanosporales. Mycologia 100: 626–635. doi:10.3852/08-
001R.

Farr DF, Rossman AY. 2009. Fungal Databases, Systematic Mycology and Microbiology Laboratory, 
ARS, USDA. Retrieved Sept. 16, 2009, from http://nt.ars-grin.gov/fungaldatabases/.

Gams W, Diederich P, Põldmaa K. 2004. Fungicolous fungi. 343–392 in: Mueller GM, Bills GF, 
Foster MS (Eds). Biodiversity of Fungi: Inventory and Monitoring Methods. Academic Press 
Inc., Elsevier Science, London, UK.

García D, Stchigel AM, Guarro J. 2004. Two new species of Sphaerodes from Spanish soils. Studies 
Mycol 50: 63–68. 

Goh YK, Vujanovic V. 2010. Sphaerodes quadrangularis biotrophic mycoparasitism on Fusarium 
avenaceum. Mycologia 102:757-762. doi:10.3852/09-147.

Gupta RC, Tandon RN. 1978. Mucor circinelloides a destructive hyperparasite of Rhizopus nigricans. 
Mycopathol 4:125–127.

Gupta RC, Upadhyay RS, Rai B. 1979. Hyphal parasitism and chlamydospore formation by 
Fusarium oxysporum on Rhizoctonia solani. Mycopathol 67: 147–151.

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program 
for Window 95/98/NT. Nucleic Acids Symp Ser 41: 95–98.

Harveson RM, Kimbrough JW. 2000. First report of Persiciospora moreaui, a parasite of Fusarium 
oxysporum, in the western hemisphere. Mycotaxon 76: 361–365.

Harveson RM, Kimbrough JW. 2001. Parasitism and measurement of damage to Fusarium 
oxysporum by species of Melanospora, Sphaerodes, and Persiciospora. Mycologia 93: 249–257.



Sphaerodes mycoparasites ... 191

Hausner G, Reid J, Klassen GR, 1993. On the subdivision of Ceratocystis s. l., based on partial 
ribosomal DNA sequences. Can J Bot 71: 52–63.

Hwang K, Stelzig DA, Barnett HL, Roller PP, Kelsey MI. 1985. Partial purification of the growth 
factor mycotrophein. Mycologia 77: 109–113.

Jacobs K, Holtzman K, Seifert KA. 2005. Morphology, phylogeny and biology of Gliocephalis 
hyalina, a biotrophic contact mycoparasite of Fusarium species. Mycologia 97: 111–120. 
doi:10.3852/mycologia.97.1.111.

Jeffries P. 1995. Biology and ecology of mycoparasitism. Can J Bot 73 (Suppl. 1): S1284-1290.
Jeffries P, Young TWK. 1994. Interfungal parasitic relationships. CAB International, Wallingford.
Jordan EG, Barnett HL. 1978. Nutrition and parasitism of Melanospora zamiae. Mycologia 70: 300-

312.
Kavková M, Čurn V. 2005. Paecilomyces fumosoroseus (Deuteromycotina: Hyphomycetes) as a 

potential mycoparasite on Sphaerotheca fuliginea (Ascomycotina: Erysiphales). Mycopathol 
159: 53-63. doi:10.1007/s11046-003-0787-3.

Malz S, Grell MN, Thrane C, Maier FJ, Rosager P, Felk A, Albertsen, KS, Salomon S, Bohn L, 
Schäfer W, Giese H. 2005. Identification of a gene cluster responsible for the biosynthesis of 
aurofusarin in the Fusarium graminearum species complex. Fungal Genet Biol 42:420–433. 
doi:10.1016/j.fgb.2005.01.010.

Morinaga T, Minoura K, Udagawa S. 1978. New species of microfungi from southeast Asian soil. 
Trans Mycol Soc Japan 19: 135-148.

Posada F, Vega FE, Rehner SA, Blackwell M, Weber D, Suh SO, Humber RA. 2004. Syspastospora 
parasitica, a mycoparasite of the fungus Beauveria bassiana attacking the Colorado potato 
beetle Leptinotarsa decemlineata: A tritrophic association. J Insect Sci 24: 1-3.

Rakvidhyasastra V, Butler EE. 1973. Mycoparasitism by Stephanoma phaeospora. Mycologia 65: 
580-593.

Rehner SA, Samuels GJ. 1995. Molecular systematics of the Hypocreales: a teleomorph gene 
phylogeny and the status of their anamorphs. Can J Bot 73(Suppl. 1): S816–S823.

SPSS. 1990. SPSS/PC+ 4.0 Advanced Statistics Manual. Chicago.
Swofford DL. 2000. PAUP. Phylogenetic Analysis Using Parsimony, Version 4.0b10. Sinauer 

Associates, Sunderland, MA.
Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG. 1997. The ClustalX windows 

interface: flexible strategies for multiple sequence alignment aided by quality analysis tools. 
Nucl Acids Res 24: 4876–4882.

Vujanovic V, Goh YK. 2009. Sphaerodes mycoparasitica sp. nov., a new biotrophic mycoparasite 
on Fusarium avenaceum, F. graminearum and F. oxysporum. Mycol Res 113: 1172-1180. 
doi:10.1016/j.mycres.2009.07.018.

Whaley JW, Barnett HL. 1963. Parasitism and nutrition of Gonatobotrys simplex. Mycologia 55: 
199–210.

White GJ, Traquair JA. 2006. Necrotrophic mycoparasitism of Botrytis cinerea by cellulolytic and 
ligninocellulolytic basidiomycetes. Can J Microbiol 52: 508–518. doi:10.1139/W05-141.

Zhang N, Blackwell M. 2002. Molecular phylogeny of Melanospora and similar pyrenomycetous 
fungi. Mycol Res 106: 148–155. doi:10.1017/S095375620100535.




